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ABSTRACT 


The  installation  and  checkout  of  a  medium  aperture  long-period  array  at 
onto  Forest  Seismological  Observatory  is  described.  Methods  of  data 

vIlocidenRanfdtreParati°n  f°r  PrOCeSBinS  are  8iven-  power  spectra  and  phase 
velocities  of  the  noise  are  computed;  comparison  with  previously  reported 

results  show  basic  agreement.  Coherence  functions  show  peaks  at  the  same 

frequencies  in  which  the  noise  power  is  concentrated.  In  the  frequency  band 

H  1°  °*  !  C?n',  Peak  coherence  is  greater  than  0.  8  'or  station  separa- 

Uons  less  than  10  kilometers.  The  coherence  tends  to  decrease  with  increasing 
distance  between  stations.  8 
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ANALYSIS  OF  TFSO  LONG- PERIOD  NOISE  SURVEY  DATA 
_ CONDUCTED  UNDER  PROJECT  VT/7702 


1.  INTRODUCTION 


purpose  °‘  ^ismometer  arrays  is  to  provide  an  output  which  «ives 
ignal  enhancement  through  noise  reduction.  Designing  arrays  to  achieve  th.s 

frray  desienarr°aChed  “  3  '°giC*1  s',stemat;c  »aV-  The  parameters  of 
seismograph  !v!te‘ e‘Sm°m<!,er  pat‘ern’  a"d  spacing  of  seismometers, 

g  p  system  response,  and  processing  techniques.  Proper  control 

of  these  parameters  utilizes  the  signal  and  noise  properties  to  give  an  im¬ 
proved  signal-to-noise  ratio.  The  signal  and  noise  properties  oi  interest  are 
D T- frequency  sPectra«  coherence,  and  dispersion  functions 

paramete^T  f  ^  °i  **  x  funCti°nS  allow  suitab^  choices  of  the  array  design 
n  f meters  to  be  made.  Thus  it  is  evident  that  a  knowledge  of  the  signal  and 
noise  properties  at  the  proposed  site  of  an  array  is  required. 


r 

2.  SUMMARY  OF  PREVIOUS  STUDIES  AT  THE  TONTO 
FOREST  SEISMQLOG1GAL  OBSERVATORY 


The  principal  investigation,  of  long-period  noise  characteristics  at  the  Tonto 

In.trlentMT  lT  °bSerVa'°rT  <TFS°>  “  «■*  Pa»«  were  conducted  by  Texas 

erray^:"!  recorded  £  lT.‘n  Zil  !*T  ‘Z'T 

in  ih*  1 1  •  .  *  ■  in  Their  analysis  of  these  data  resulted 

m  the  following  conclusions  (T.  I.  ,  1966): 

0  04  to  0  ^eleseismi^P-wave  signals  were  coherent  in  the  frequency  band 
0.  04  to  0.  09  cps  over  distances  of  at  least  200  kilometers. 

b‘  ,ThejP°wer  spectra  °f  P-wave  signals  appeared  to  be  space 
stationary  for  distances  as  large  as  200  kilometers.  P 

.  C*  ,  The  r*Corded  ^vcform  of  teleseismic  body-wave  signals  had 
high  visual  correlation  across  the  array. 

fr.„„.Jv  f711'  l0ng"Peri°d  n°iSe  e,<h,bited  'ignificant  coherence  at  any 
frequency  for  seismometer  separations  of  50  kilometers  or  greater.  7 

similar,'^  ft'  "“aft  P°W'r  SP'C*ra  °"  th'  VertlCal  «.oponent  showed  strong 
similarity,  though  there  was  some  variability  in  spectral  level.  8 
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T.  I.  (1  965)  reported  the  phase  velocity  of  6-second  Rayleigh  waves  at  TFSO  . 

to  be  3.  4  kilometers  per  second,  but  a  later  report  (T.  I.  ,  l°67a)  revised  the 

er;-aiC  t0 ;.?•  48  kilom8ters  per  second.  T.  I.  (1967b)  used  data  from  a  series 
of  USGS  calibration  shots  and  two  other  explosions  to  construct  a  5-layer 
crustal  model  for  TFSO.  A  theoretical  phase  velocity  dispersion  curve  for 
fundamental  mode  Rayleigh  waves  was  computed  from  the  model.  The  theo¬ 
retical  phase  velocities  varied  from  3.  8  to  3.  2  kilometers  per  second  in  the 
frequency  range  0.  035  to  0.  145  cps.  A  long-period  event  recorded  at  TFSO 
was  time-partitioned  and  an  experimental  Rayleigh  wave  dispersion  curve  in 
the  frequency  range  0.  025  to  0.  175  cps  was  derived.  Comparison  of  the 
theoretical  and  experimental  curves  showed  good  agreement. 

™JPrinCiPa!  <Jue8tion  left  ^answered  by  previous  long-period  studies  at 

SO  is  the  fo. lowing:  What  is  the  maximum  separation  between  seismometers 
for  which  there  is  significant  noise  coherence?  The  aim  of  this  study  was  to 
evaluate  data  from  a  medium  aperture  long-period  array  in  an  attempt  to 
pnswer  this  question.  A  secondary  objective  was  to  ■  btain  information  re¬ 
garding  the  noise  spectra  and  phase  velocities,  providing  a  check  of  previous 


3.  geology  in  THE  LONG -PERIOD  ARRAY  area 


The  portable  system  teams  of  the  LRSM  program  were  assigned  to  set  up  a 

aPerture  long-period  array  and  to  collect  the  data  for  this  study.  The 
KSM  teams  collected  data  between  2  February  and  7  April  1967.  The 
5en"41  orientation  and  spacing  of  the  portable  system  stations  relative  to 
TFSO  and  Pay  son,  Arizona,  is  shown  in  figure  1.  The  legs  of  this  "L"  shaped 
array  were  located  along  azimuths  of  approximately  73  and  163  degrees. 

The  approximate  distance  between  adjacent  stations  was  either  5  or  10  kilo¬ 
meters.  Table  1  j jives  the  coordinates  and  elevation  of  each  station.  The 
distance  between  all  possible  pairs  of  stations  is  given  in  table  2. 


The  geology  of  the  array  area  is  highly  complex.  A  geologic  cross  section 
through  Payson  along  an  azimuth  of  36  degrees  is  shown  in  figure  2.  Igneous 
and  metamorphic  masses  of  Precambrian  age  underlie  the  entire  array.  To  the 
south,  these  masses  have  been  covered  by  Quaternary  deposits  of  sand,  silt 
and  gravel.  rQ  the  north,  the y  are  overlain  by  sediments  of  Paleozoic  age.  ’ 
The  long-period  array  area  has  numerous  faults.  One  major  fault,  with  an 
east-west  strike,  occurs  between  TFSO  and  station  PY4.  Two  other  major 
faults  i  -e  near  station  PY3,  one  west  approximately  2.  3  kilometers  striking 
north-south  and  the  other  is  to  the  north  about  1.  6  kilometers  striking  east- 

nroat  ° 


■■M 


*  m 


v: 


*  s. 


1 


bo0,fn0d8r^hiCally’  thl  area  iS  knOWn  as  the  Tonto  Basin-  The  Mogollon  Rim 

array  are!  “to  °,h  T "'a  Wi‘h  the  Ma2at2al  Mountains  ,o  the  west  of  the 

array  area.  To  the  south  and  east  are  the  Sierra  Ancha  Mountains  TheWal 

topography  of  the  array  area  is  rough,  with  a  total  relief  of  754  meters  The 

^  VCrde  ^  *o„,c  CrT * 


Table  1.  Station  coordinates  and  elevation 


Station 


Coordinates 


Elevation 


TFSO 

PY1 

PY2 

PY3 

PY4 

PY5 


34u 

J  6' 

04" 

N 

1 

34° 

07' 

36" 

N 

1 

34° 

12' 

40" 

N 

1 

34° 

15' 

15" 

N 

1 

34° 

17' 

34" 

N 

1 

34° 

18' 

58" 

N 

% 

i 

11° 

16' 

13" 

W 

11° 

16' 

52" 

W 

11° 

18' 

45" 

W 

11° 

19' 

37" 

W 

11° 

10' 

00" 

W 

11° 

03' 

47" 

W 

1492  meters 
1029  meters 
1  509  meters 
1516  meters 
1783  meters 
1699  meters 


~.able  2‘ — Distance  beUveen  station  pairs  (kilometers) 


PY1 

15.  8 

PY2 

7.  5 

9.8 

PY3 

5.4 

14.  8 

PY4 

9.  9 

21.  3 

PY5 

19.  8 

29.  1 

TFSO 

PY1 

5.  0 

16.  2 

15.  3 

25.  7 

25.  2 

9.  9 

PY2 

PY3 

PY4 

PORTABLE  SYSTEMS  STATION  INSTALLATION 


The  Fortable  system  stations  were  placed  on  the  most  competent  rock  available 
within  0.  5  kilometer  of  the  ideal  location,  and  in  areas  with  the  least  vegetation 

1  ftdf  CU.1  ,Ural  n01®6,  Ml  vault  excavations  were  approximately  4  feet  widf , 

18  feet  long,  and  were  excavated  to  bedrock,  which  varied  from  6  to  7  feet 
below  the  topsoil.  Figure  3  shows  the  vaults  in  the  excavation  at  PY3  Con- 

r‘T,d;  L  0  t0  !■  5  fe?*  thick  —  the  bedrock.  Pin,  were  u«d 

to  bond  the  concrete  to  the  rock  where  necessary.  The  interiors  of  the  tank 

vaults  were  sealed  with  epoxy  and  lined  with  fiberglass  insulation  before  the 
seismometers  were  installed.  The  seismometers  were  covered  with  styrofoam 


b.  Area  In  vicinity  of  PY3AZ 


Flfure  3.  Lot*  pariod  noist  study  vaults  dmrini  Instaiiation  and  area  Ir  tha 
Inarediate  vicinity  of  PY3AZ 


C  26  S3 
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and  the  remaining  air  space  in  the  vault  was  filled  with  plastic  bags  of 
vermiculite.  All  lids  were  bolted  to  the  vaults  to  ensure  good  seismometer 
insulation  and  vault  pressure  seal.  The  space  between  the  vault  and  the 
excavation  was  backfilled  with  sawdust  to  ground  level. 


5.  INSTRUMENTATION 


Installation  of  the  five  portable  systems  began  on  23  December  1966  and  the 
stations  became  operational  on  2  February  1967.  Outputs  from  a  set  of  three- 
component  long-period  seismographs  were  recorded  at  two  levels  on  FM 
magnetic  tape  at  each  station.  The  outputs  of  the  TFSO  seismographs  were 
also  recorded  on  the  Develocorder.  Figures  4  and  5  show  block  diagrams  of 
the  seismograph  systems  at  TFSO  and  the  portable  system  stations.  Check¬ 
out  of  the  portable  systems  continued  through  February.  In  the  checkout, 
close  attention  was  paid  to  frequency  and  phase  responses  and  system  noise 
levels.  A.  TFSO,  the  operating  parameters  of  the  seismograph  system  were 

modified  so  that  the  frequency  and  phase  responses  would  match  the  portable 
system. 

The  system  noise  levels  for  the  portable  systems  were  checked  by  running 
dummy  load  tests  in  which  the  seismometer  was  replaced  in  the  seismograph 
circuit  by  a  resistor  with  the  same  value  of  resistance  as  the  seismometer 
data  coil.  Figure  6  shows  the  relative  levels  of  the  system  and  seismic  noise; 
the  large  deflections  in  this  figure  are  caused  by  the  removal  of  the  resistor, 
and  are  neither  system  nor  seismic  noise.  The  system  noise  test  data  show 
that  the  system  noise  level  is  at  least  18  dB  below  the  level  of  the  seismic 
noise.  During  routine  recording  of  the  data,  extraneous  noise  was  observed 
during  windy  periods.  This  noise  was  attributed  in  part  to  the  effect  of  the 
wind  blowing  on  the  recording  equipment  package.  In  an  effort  to  reduce  these 
effects  of  wind,  wooden  covers  were  built  and  placed  over  the  standard  portable 
system  shelter;  however,  the  usefulness  of  these  shelters  in  reducing  the 
effects  of  wind  noise  was  limited. 

A  mean  phase  response  curve,  shown  in  figure  7,  was  established  from  phase 
response  measurements  taken  from  the  field  recordings.  Any  system  deviating 
from  the  mean  by  greater  than  10  degrees  at  18  seconds  was  brought  into 
tolerance. 

The  amplitude  responses  of  the  portable  long-period  systems  and  the  TFSO 
long-period  systems  were  matched;  a  typical  response  is  shown  in  figure  8. 
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Fipre  4.  Block  diapaa  of  the  TFSO  long-period  seismograph  system 


Figure  5.  Block  diagram  of  the  long-period  portable  se^mograph  system 


2 
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6.  DATA  SELECTION  AND  PREPARATION 


Thirty-five  millimeter  film  transcriptions  of  the  noise  data  samples  were 
reviewed  by  an  experienced  analyst.  The  analyst  selected  data  samples  from 
the  high-gain  vertical-component  seismograms  which  were  visually  free  of 
nonseismic  noise,  and  which  showed  evidence  of  the  presence  of  15-second 
microseisms.  Table  3  gives  the  start  times  for  the  four  samples  selected 
for  processing.  Each  of  the  samples  was  40  minutes  in  length. 

Before  the  data  were  digitized,  they  were  band-pass  filtered  at  0.  01  and  0.  3  cps 
at  rates  of  18  dB  per  octave.  Wow  and  flutter  compensation  was  also  used 
during  playback.  The  data  were  sampled  at  the  rate  of  two  samples  per  second, 
giving  a  folding  frequency  of  1  cps.  The  digital  data  samples  were  gain 
equalized  by  using  factors  computed  from  a  0.  04  cps  sine -wave  calibration 
most  closely  associated  in  time  with  the  sample  selected. 


Table  3.  Start  times  of  selected  data  samples 


Sample 

1 

2 

3 

4 


Run 

Time 

Date 

056 

08:00:00 

25  February  1967 

056 

18:00:00 

25  February  1967 

096 

04:35:00 

6  April  1967 

095 

13:45:00 

5  April  1967 

7.  POWER  SPECTRA 


7.1  COMPUTATION 

The  digital  samples  used  in  the  calculation  of  the  spectra  consisted  of  3700 
data  points  corresponding  to  about  31  minutes  of  seismic  data.  Ten  percent 
lags  and  Parzen  smoothing  were  used  in  calculating  the  autocorrelation 
functions,  figure  9  shows  the  Parzen  smoothing  function  used.  Fourier 
transformation  of  the  smoothed  autocorrelation  functions  by  the  rapid  Cooley- 
Tukey  algorithm  resulted  in  spectral  estimates  from  0  to  1. 0  cps  at  0.  002  cps 
increments.  r 


*"  1— .j  4m 1  4»» . 


RELATIVE  MAGNIFICATION 


7.  2  RESULTS 


Figures  10  through  13  s'..ow  power  spectra  in  the  frequency  range  0.  025  to 
0.  165  cps  for  the  four  noise  data  samples.  Compensation  for  system  magni¬ 
fications  at  0.  04  cps  was  made,  but  the  effects  of  the  seismograph  system 
amplitude-response  have  not  been  removed.  The  fact  that  the  noise  power 
occurs  in  two  frequency  bands  is  a  common  characteristic  of  the  power  spectra 
for  seismic  noise  in  this  pass  band.  The  ranges  of  these  bands  vary  slightly 
from  sample  to  sample,  but  in  general  the  bands  are  0.  04  to  0.  082  cps  and 
0.  11  to  0.  165  cps.  Within  each  of  these  bands  the  peak  usually  occurs  in  the 
intervals  0.  05  to  0.  063  cps  and  0.  125  tc  0.  145  cps.  If  the  seismograph  system 
amplitude  response  was  removed  from  the  spectra,  the  actual  earth  motion 
spectral  peaks  would  shift  to  slightly  higher  frequencies. 

In  evaluating  the  degree  of  space  stationarity  of  the  po\.  :r  spectra,  both  the 
shape  of  the  spectral  envelope  and  the  level  of  the  noise  power  must  be  con¬ 
sidered.  For  each  data  sample,  the  power  spectrum  shows  good  similarity 
in  the  main  features  of  the  envelope.  This  high  similarity  of  the  spectra  from 
the  portable  system  stations  with  the  spectra  from  TFSO  is  further  evidence 
that  the  data  recorded  were  true  seismic  noise.  The  trough  in  the  spectra 
between  0.  091  and  0.  10  cps  is  generally  15  to  20  dB  below  the  16-  to  20-second 
peak,  supporting  the  data  from  dummy  load  tests  that  showed  that  the  system 
noise  was  about  18  dB  below  the  seismic  noise.  For  a  given  data  sample  there 
is  considerable  variation  from  station  to  station  in  the  level  of  the  spectra. 
Sample  4  has  the  smallest  station-to-station  variation  with  a  maximum 
variation  between  two  stations  of  about  3  dB,  while  sample  3  has  the  largest 
variation  with  about  12  dB.  TFSO  and  PY2  spectra  have  the  lowest  level  while 
PY3  has  the  highest  level. 

For  the  same  station,  sample-to-sample  changes  in  the  shape  of  the  spectral 
envelope  are  evident.  These  changes  are  due  to  shifts  in  the  frequency  at 
which  the  peak  power  occurs.  Changes  in  the  level  of  the  spectr?  from  sample 
to  sample  are  also  evident.  Figure  14  shows  the  trend  in  the  level  of  the 
spectra  at  16  seconds  for  each  station.  It  is  obvious  that  the  noise  power  at 
16  seconds  is  lowest  in  data  sample  2  and  highest  in  data  sample  4.  Averaging 
over  stations,  the  difference  between  sample  2  and  sample  4  spectral  levels 
is  about  9  dB  at  16  seconds. 


7.  3  CONCLUSIONS 

The  power  spectra  possess  the  following  characteristics: 

a.  The  noise  power  is  concentrated  in  two  frequency  bands,  0.  04  to 
0.  082  cps  and  0.  11  to  0.  165  cps. 
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Fi|w«  13.  Poerer  spectra  for  each  station  for  fourth  data  sample 
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b.  The  power  spectra  may  be  space  stationary  but  relative  variations 
in  spectral  level  cause  some  doubt. 

c.  Tho  power  spectra  are  not  time  stationary. 

It  should  be  noted  that  these  characteristics  are  in  good  agreement  with  the 
characteristics  of  the  noise  power  spectra  for  data  samples  from  the  extended 
cross-linear  long-period  array  (T.  I.  ,  1966). 


8.  PHASE  VELOCITY 


The  basic  approach  to  measuring  phase  velocity  of  the  noise  was  the  standaLd 
method  of  determining  relative  time  delays  across  a  tripartite  array.  The 
time  delays  and  the  tripartite  geometry  give  apparent  velocity  vectors  from 
which  azimuth  of  propagation  and  phase  velocity  are  computed.  The  validity 
of  this  method  depends  on  the  accuracy  of  the  assumption  that  the  noise  is 
unidirectional. 

The  time  delays  across  the  tripartite  were  measured  from  the  phase  angles 
associated  with  the  cross-power  spectra.  The  reliability  of  the  time  delays 
obtained  in  this  manner  is  reasonably  good,  since  frequencies  of  interest  were 
determined  by  high  coherence  and  large  noise  power. 

Figure  15  shows  the  theoretical  phase  velocity  dispersion  curve  for  TFSO  and 
the  experimental  phase  velocities  measured  from  the  noise.  The  experimental 
points  show  some  scatter;  however,  there  is  basic  agreement  between  the 
theoretical  and  experimental  phase  velocities.  The  scatter  in  the  experimental 
data  is  probably  due  to  the  presence  of  multiple  noise  sources,  measurement 
error  in  the  phase  angles,  and  slight  differences  in  the  system  phase  responses 


9.  COHERENCE 


9.1  COMPUTATION 

The  cross -power  spectra  were  computed  in  the  same  way  as  the  auto-power 
spectra  discussed  in  section  7.  1  were  computed.  Letting  Sjj(f)  denote  the 
power  spectrum  (i  =  j,  auto;  i^  j,  cross)  for  stations  i  and  j,  coherence  was 

computed  by  the  formula  Cyff)  =  For  an  ensemble  of  weakly 

stationavy  bivariate  Gaussian  processes,  the  probability  distribution  of  the 
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coherence  coefficients  for  all  possible  pairs  has  been  determined  (Amos, 
et  al.  ,  1963).  Experimental  coherence  functions  depend  on  the  actual 
coherence,  the  smoothing  function,  and  the  lag  window.  For  Parzen  smoothing 
and  10  percent  lags,  the  90  percent  confidence  limits  are  shown  in  figure  16. 

It  should  be  noted  that  considerable  error  can  occur  in  the  measured  coherence 
when  the  actual  coherence  is  near  zero  and  that  the  error  decreases  signifi¬ 
cantly  as  the  coherence  approaches  1.  0. 


9.  2  RESULTS 

Figures  17  through  40  show  the  coherence  functions  in  the  frequency  range 
0.  025  to  0.  165  cps  for  all  possible  pairs  of  stations  and  for  all  four  data 
samples.  The  15  coherence  functions  for  a  given  data  sample  are  grouped 
arbitrarily  on  the  basis  of  distance  between  the  stations. 

The  values  of  the  coherence  functions  in  the  frequency  bands  0.  04  to  0.  082  cps 
and  0.  11  to  0.  165  cps  are  of  primary  interest  because  between  70  and  80  percent 
of  the  noise  power  is  concentrated  in  these  two  bands. 

Coherence  functions  for  station  pairt  with  small  separations  (less  than 
10  kilometers.)  have  high  coherence  peaks  in  the  frequency  band  0.  04  to 
0.  082  cps.  Nine  of  twelve  such  coherence  functions  are  larger  than  0.  80. 
Considering  the  frequency  band  0.  11  to  0.  165  cps  and  small  station  separations, 
the  peak  coherence  shows  considerable  variability,  ranging  from  0.  4  to  0.  85. 
ior  station  separations  of  10  kilometers  or  greater,  the  peak  coherence  in 
either  frequency  band  generally  decreases  with  increasing  distance  between 
stations.  Figure  41  shows  coherence  at  0.  043  cps  for  data  sample  3  plotted 
against  station  separation.  Similar  plots  for  data  samples  1  and  2  at  other 
frequencies  indi  ate  the  same  trend.  However,  this  trend  is  not  without 
exception.  Figure  40  shows  high  coherence  in  both  frequency  bands  although 
the  station  separations  are  large.  The  maximum  coherence  in  the  frequency 
band  0.  04  to  0.  082  cps  usually  occurs  near  the  same  frequency  as  the  spectral 
Peak.  For  different  data  samples,  the  maximum  coherence  may  occur  at 
different  frequencies.  For  data  samples  1  and  2  the  peak  coherence  occurs 
about  0.  05  cps,  while  the  coherence  for  data  samples  3  and  4  peak  about 
0.  065  cps.  This  shifting  of  peak  coherence  contributes  to  the  absence  of 
time-stationarity. 

The  data  for  evaluating  space  stationarity  of  the  coherence  functions  are 
limited  since  (TFSO,  P /4)  and  (PY4,  PY5)  is  the  only  repetition  of  vector 
pairs.  However,  data  from  these  pair's  indicate  that  the  coherence  functions 
depend  on  actual  station  location. 
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Figure  18.  Coherence  functions  for  data  sample  1  for  station  separations  of  about  10  kilometers 
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Flfurf  19.  Cotarmco  functions  for  data  1  for  station  soparatlons  of  about  15  klloawtars 
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Fliuro  a.  Ccharonca  functions  for  data  sanplo  1  for  station  saparatlons  of  about  20  kilonotars 
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Fl|urt  22.  Coherence  functions  for  data  sample  1  for  station  separations  greater  than  25  kilometers 
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Finn  27.  Coherence  functions  for  data  sample  2  for  station  separations  of  about  20  kilometers 
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Fliare  29.  Cohtranca  functions  for  dots  sampit  3  for  station  stparathws  Its*  than  10  kiiomttars 
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Flfur*  35.  Cohormct  functions  for  data  samplt  4  for  station  separations  lass  than  10  kllomstors 
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Figur#  31.  Coherence  functions  for  data  sample  4  for  station  separations  of  about  15  kilometers 
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Figure  39.  Coherence  functions  for  data  sample  4  for  station  separations  of  about  20  kilometers 
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Fifure  41.  Coherence  at  0.043  cps  for  data  ^  y  le  3  as  a  function  of  distance  between  stations 
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9.  3  CONCLUSIONS 


The  overall  level  of  the  measured  coherence  was  lower  than  expected, 
considering  the  size  of  the  array  and  the  wavelengths  of  the  Rayleigh  wave 
noise.  The  exact  cause  of  the  apparent  degradation  of  the  coherence  is  not 
clear.  Possible  causes  of  this  are  the  existence  of  mu.uple  noise  sources 
and/or  local  geologic  variations  from  site  to  site.  There  are  not  enough  data 
available  to  determine  the  actual  cause. 

In  summary,  the  following  characteristics  of  coherence  functions  are  evident: 

a.  The  coherence  functions  are  neither  time  nor  space  stationary. 

b.  The  noise  in  the  frequency  band  0.  04  to  0.  082  cps  shows  high 
coherence  for  small  station  separations  and  the  coherence  in  this  band  tends 
to  decrease  with  increasing  distance  between  stations. 

c.  The  peak  coherence  usually  occurs  near  the  same  frequency  as  the 
spectral  peak  in  the  frequency  band  0.  04  to  0.  082  cps. 
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